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The present treatment provides an alternative to that of general relativity for the particular problem of a pressure-less fluid in motion. The only field-equation is the equation of continuity, and the state of matter is defined by means of a vector not related to the RiemannChristoffel tensor, but dependent on absolute parallelism. In most of the investigations which have been made on wireless waves reflected from the ionosphere the experiments have been so designed as to provide information concerning the ionization density at different levels. The experimental data sought in such cases are usually critical penetration frequencies and equivalent heights of reflection. If, however, the amplitude of the downcoming waves is also observed, and the total absorption measured, it is possible to obtain information about the frequency of collision between electrons and molecules at different heights in the ionosphere. The measurements described in the present paper have been made so as to provide the latter type of information, and in particular to give evidence concerning the location of that part of the ionosphere which is of importance in producing absorption.
Measurements of the Absorption of Wireless
For this purpose it is necessary to measure the absolute value of the absorption suffered by the wave, so that results on different wave-lengths may be compared. The methods which we have employed in making these measurements are described in § 2 and the results are discussed in § 4. The theoretical results which are used in § 4 are reviewed shortly in § 3. Most of the measurements discussed in this paper have been made on wave-lengths less than 200 m; a few measurements made with longer waves are discussed in § 6.
2-M ethods of M easurement
A pulse transmitter was used and the radiation was received at a point about 1 km away. At the receiver a cathode-ray oscillograph and a synchronized time-base were used, in the usual way,* to give an " echo pattern " on the oscillograph screen. The relative amplitudes of suc cessive echoes, or of echo and ground wave, were measured by adjusting the calibrated amplifier gain so that the traces formed by the echoes under examination reached in turn a marked height on the oscillo graph screen. By comparing the amplitudes of successive echoes it was possible to deduce the reflection coefficient.! After the reflection coefficient had been measured by this method, it was possible to " cali brate " the ground-wave pulse for future use by comparing its amplitude with that of the first echo. Once this was done the reflection coefficient could be measured under conditions when only one weak echo was present, by comparing it with the ground wave. The transmitting aerial was a horizontal dipole, so that it was not possible to rely upon a theoretical value for the ratio between the signal sent vertically upwards and that sent along the ground.
Under our experimental conditions the final polarizations of the magneto-ionic components were circular, so that by using at the receiver an aerial which responded only to waves circularly polarized with either one sense or the other,! it was possible to measure the reflection coefficient of each component separately, even under conditions when the echo was not magneto-ionically split.
We shall refer in § 6 to other measurements of absorption which have been made at considerable distances from broadcasting transmitters equipped with the usual vertical aerial and emitting continuous waves. In these experiments the amplitudes of the reflected wave and the ground wave were compared at the receiver, either by " fading " observations or by the use of special aerial systems which received only the downcoming wave. Then, assuming the vertical plane distribution of radiation from the transmitter and the attenuation of the ground wave, the reflection coefficient could be calculated.
It is of interest to notice that the pulse method of comparing the ampli tude of successive echoes can only be used as the basis of absorption measurements if successive pulses have all travelled along the same geometrical path. It is thus only of use for " vertical incidence" measurements. On the other hand, the continuous wave method cannot be used at vertical incidence, since the ratio between radiation vertically upwards and that along the ground cannot be assumed known.
There is another point of difference between the two methods. The pulse method, associated with a circularly polarized receiver, measures the reflection coefficient of one magneto-ionic component alone, whereas the continuous wave method measures the reflection coefficient of the wave as a whole. If, therefore, one magneto-ionic component were completely absorbed the latter method would give a value for the reflection coefficient only half that given by the former.* The reflection coefficients mentioned in the present paper will, except where otherwise stated, be those appropriate to one magneto-ionic component.
In most of the work described in this paper we have used the pulse method, and the results were obtained in a preliminary manner by visual observations in which the mean values of the amplitudes were estimated over a period of one or two minutes. It was always found, however, that a single echo, even when isolated from the other magneto-ionic component by the circularly polarized receiver, exhibited considerable fading.f Owing to the pronounced and erratic nature of this fading it was considered desirable to confirm the visual observations by means of an automatic averaging device, details of which have been published separately.^ Most of the numerical results mentioned below are those deduced finally from the automatic records.
3-Theoretical Considerations
We shall use the following notation, which is the same as that employed by Appleton § in his formulation of the general magneto-ionic theory:- P' == f -= " length of group path " if > p n.
The expression " reflection coefficient " is not meant to imply that the wave is returned by a single sharp reflection. * Quantities appropriate to the ordinary and the extraordinary waves will be denoted by the subscripts 0 and respectively.
In 1928 Appleton and Ratcliffef made measurements of the absorption of waves of 500 m wave-length for transmission paths to different dis tances and from their results concluded that the major part of the absorp tion occurred in " an absorbing zone of ionization situated below the region (E region) in which the main bending takes place." This absorb ing zone they named the " D region." J It is also possible that an appreciable amount of absorption may take place near the top of the trajectory, where most of the bending occurs. It will be convenient to give this type of absorption the name of " absorption in the reflecting region," and to distinguish it from " absorption in the D region."
In a recent theoretical paper Booker § has shown that it is possible to have a region of absorption at a place where the refractive index is nearly unity, i.e., at a place where there is little deviation of the waves. This absorbing region would correspond to the D region of Appleton and Ratcliffe, and Booker shows that, with increasing height, absorption would first become appreciable near the level where 
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If (a) the rate of increase upwards of the ionization density is more rapid than the rate of decrease of the collisional frequency, then absorp tion takes place in a region which extends from the above-mentioned level to the top of the trajectory; if, however, (b) the collisional frequency decreases upwards more rapidly than the ionization density increases, then the absorption is confined mainly to the level where v = | ± and there is a definite level of absorption isolated from the level of deviation.
In case ( We now calculate values of log pjlog p0 for comparison with experi mental results. K /l _J_ y \2 In case (a) we find --^ T y ln^ePen<^ent the v at the point considered, so that if we assume the same range of integration for the two components we have log P* = / 1 + J L\2 log p0 VI -yj'
Actually the range of integration should be greater for the ordinary than for the extraordinary wave, since the lower edge of the absorbing region is lower for the ordinary wave. We then have 
Appleton* has shown how the integrated absorption coefficient for absorption in the reflecting region " may be calculated on the assump tion that the collisional frequency remains constant throughout the region.
•Following his calculations we obtain log Po = ~^( P 0' -P 0) i°g e. = -£ r f , (P*' " where P0 and P,. represent the optical paths. Hence we have, in the case of a non-split echo, For an echo which is much group-retarded just before penetrating the F region there is good reason for believing that the large increase of equivalent path is not accompanied by any large increase in optical path, so that we may relate the increase of absorption to the increase of equivalent path by the approximate equation
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A(logp0) = -^A ( P 0').
We shall not require the corresponding expression for the extraordinary wave. For comparison with experiment it is next of interest to compare the reflection coefficient of the ordinary wave at two different wave-lengths. If we denote the two wave-lengths by the subscripts 1 and 2, the former representing the greater wave-length, then, by arguments similar to the above, we find Case (a) log Pi ^ p£ 11 + yL2\2
(a) Night-time Absorption-F Region-Echoes which penetrate to the F region have to pass through the D and E regions and there they may suffer absorption. At night the reflection coefficient of the ordinary wave, in the case of a non-split F echo, is found to be equal to unity, for wave-lengths up to 250 m, showing that there is no appreciable absorption either near the point of reflection or in the D or E regions.
Magneto-ionic split echoes from the F region at night exhibit very large group retardations, and it is found that, as the upper component of the split echo becomes more and more retarded, it also becomes more strongly absorbed, as we should expect if it were suffering absorption near the point of reflection. Fig. 1 shows the results of an experiment in which the reflection coefficient and the group retardation of the ordinary component were measured simultaneously as the magneto-ionic splitting became greater. Observed values of log p0 are plotted against and 300 400 5
/P f\ Equivalent height in km. the points are seen to lie roughly on a straight line, as required by equation (4). From the slope of the line the value of v is found to be 2 • 1 X 103 per electron per second. If a determination of the F 2 region collisional frequency is made by the above-mentioned method during the day it is essential to work at a time when the absorption of the echoes in the E region (vide § 4 ) does not vary appreciably while the experiment is being performed.* This restricts us to the time of day when the E region absorption of the F region echoes is found to be a maximum, and this is observed to be about 14.00 hours. Fig. 2 shows the results of an experiment performed near this time. It gives a value of v = 1-2 x 103 per electron per second; the lower value may be due to the fact that the E region absorption was already decreasing slowly.
The fair agreement of the experimental results of figs. 1 and 2 with the straight lines required by the theory would suggest that the weakening * ' Nature, ' vol. 135, p. 585 (1935). of the upper echo during a magneto-ionic split is due entirely to absorption associated with the group retardation, and that it is not due to imperfect reflection on account of an insufficient thickness of the reflecting region (electron limitation). It appears that electron limitation only becomes effective when the echo is broadened and distorted just before it finally disappears.
The above-mentioned results indicate that any night-time absorption of the " ordinary " echoes from the F region is due to absorption in the " reflecting region," i.e., in the F region, and that such absorption is only important under conditions of group retardation. It is next of interest to investigate the absorption of the " extraordinary " wave reflected from the F region at night. The amplitudes E0 and Ex of the ordinary and the extraordinary waves were compared on a series of different wave- lengths. From previous work it was assumed that the reflection coefficient of a non-split ordinary wave was unity, so that the ratio Ex/E0 gave the reflection coefficient of the extraordinary wave. If we assume that the extraordinary wave reflected from the F region in the night is absorbed in the E region, then according to equation (Iff)we should expect to find log px oc ___ 1____ P2 (1 Tl)2
The experimental results are plotted in curve (a), fig. 3 . The points represented by triangles were obtained under conditions when there was no magneto-ionic splitting, and they lie close to a straight line through the origin, in agreement with equation (Iff). A similar plot of the experi mental results on the assumption that the absorption is in the F reflecting region, i.e., that equation (5) holds, is shown in curve ( ), fig. 3 , and does not give a straight line through the origin. We therefore deduce that the night-time absorption of the non-split echo from the F region takes F. T. Farm er and J. A. Ratcliffe place in the E region. In connection with this result we have had the advantage of a discussion with Dr. F. W. G. White, who had already come to the same conclusion from an examination of data of a different type.
The observations for the points indicated in fig. 3 by crosses were ob tained later at night, when magneto-ionic splitting had taken place, and they indicate that under these conditions the extraordinary component was more intense than the ordinary. The fact that these points lie off the straight line is to be expected in view of the fact that, under conditions of curve a Abscissae proportional tocurve b splitting, the assumption of unity reflection coefficient for the ordinary wave is no longer correct. These results are discussed more fully in §5.
(b) Night-time Absorption-E Region-In the day time, waves from the E region were found to have a reflection coefficient of about 0-1 to 0 • 5 for wave-lengths lying between 160 and 60 m. As darkness approached the reflection coefficient rapidly became larger, and for 160 m wave length in the summer time was observed to reach the value of 0-9 just before the E region ceased to reflect, about \ \ hours after sunset. This increase of reflection coefficient was not accompanied by any marked increase of effective height. These results are most easily explained by supposing that the day-time absorption occurred in a D region and that, as night approached, the absorption in this region decreased due to the decrease in ionization. The fact that such large values of the reflection coefficient were obtained at night for E region reflections appears to show that there was very little absorption in the " reflecting region."
If split echoes were observed returned from the E region it would be possible to deduce a value of v for that region in a manner similar to that described for the F region. We have not encountered examples which we could with confidence regard as magneto-ionic doublets in the case of echoes from region E, so that it has not been possible to make this calculation.*
(c)
Day-time Absorption-If we assume that the temperature of the F region is the same in the day as it is at night (i.e., v is the same),t then we may attribute any extra day-time absorption of F echoes to absorption in the E region, and, except in the limiting case when the waves are only just penetrating the E region, the absorption in it is of the kind which we have called D region absorption. Since, therefore, the day-time absorption occurs in the same place for echoes reflected from the E and F regions, we should expect to find the same values of the reflection co efficients for these two regions. Experiments to test this were made by recording the echo intensity during the transition from E to F reflection in the early afternoon, other conditions being assumed constant. The results indicated that, to a good approximation, the reflection coefficient was the same for the two reflecting regions. It is therefore convenient to deal at one and the same time with the day-time absorption of echoes from both E and F regions.
We have employed two methods of investigating whether the day-time absorption behaves as we should expect for D region absorption. In the first method the reflection coefficients of the ordinary and of the extra ordinary waves were measured separately, using a fixed wave-length. On different occasions different values of the fixed wave-length were employed. The results are collected in Table I , and the experimental values for log p^/log p0 are compared with those deduced theoretically on the three assumptions of § 3. The reflection was from the F region. * F. W. G. White, * Proc. Phys. Soc.,' vol. 46, p. 103 (1934), has published photo graphs illustrating a case which he considers to represent such a split echo. We have not used this as the basis for a calculation because our experience shows that it is not satisfactory to make deductions about the amplitude o f echoes from instantaneous readings.
t See footnote J on p. 381.
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The experimental results are seen to agree reasonably well with the values required by the theory of D region absorption, but they do not agree so well with the hypothesis of " reflecting region absorption."
In the second method of investigation the reflection coefficient for the ordinary wave was observed on two different wave-lengths. It is advisable to use wave-lengths which are as different as possible, and to work at midday when absorption is high. The wave-lengths chosen for comparison were 150 m, and 60 m, and at winter midday one of these is
(2) (3)
Oct. 15 12.00 55 0-67 1 *7 | < 2 -6 > 1 -6 1-3 " 30 12.00 55 0-65 3-11
July 24 These results give the value = 3-8, while the theoretical expres log Peo sion (7) of § 3 yields the values ( a) < 3 *7, the experimental value lies sufficiently near the theoretical range to show that the " D region " type of absorption is of primary importance.
5-Com p a r is o n w it h t h e R e su l t s o f o t h e r I n v e st ig a t o r s
We must draw attention to a discrepancy between the above-mentioned results and those obtained by Eckersley.* He has found experimentally that on wave-lengths less than 60 m the ordinary wave is weaker than the extraordinary, and from this he deduces that there is a large amount of absorption near the reflection point, since he has theoretical reasons for supposing that such " reflection-point absorption " is greater for the ordinary than for the extraordinary wave. As mentioned above, we disagree both with these experimental results and with the theoretical deductions. Experimentally we find that, for a non-split echo, the ordinary component is the stronger even for a wave-length of 50 m (roughly the day-time limit of reflection without split), and theoretically we deduce that, if the two group paths are equal, the absorption of the extraordinary wave, near the reflecting point, is greater than that of the ordinary. It is only under conditions when the ordinary echo suffers more group retardation than the extraordinary that we observe it to be the weaker (cf. fig. 3 ), and this agrees with our theory. It may be that Eckersley's observations and calculations refer only to split echoes of this kind.
Absorption near the point of reflection has an important bearing on the problem of the determination of critical penetration frequencies for the F 2 region. Kirby, Berkner, and Stuartf have determined such critical frequencies throughout the day and have deduced that F 2 region ionization density shows a maximum near midday in winter, as might be expected. Similar experiments in summer, however, indicate that the F 2 region ionization density increases steadily throughout the day. In explanation of this unexpected result they suggest that the critical frequency measured at midday in summer is not a real penetration frequency, but represents the frequency at which the echo is lost by absorption.! If we accept this explanation then the absorption they postulate must be thought of as taking place near the point of reflection, since it is associated with the group retardation which always accompanies the loss of an echo. This being so we can use equation (4) ,' A, vol. 150, p. 685 (1935) ), who suggests that there is a profound seasonal change o f molecular temperature in region F and that the high midday temperature in summer is the cause o f reduced molecular density at these levels, which in turn is responsible for an abnormally low maximum ionization density.
estimate of the collisional frequency v in summer and in winter. If we assume that the group retardation at the penetration frequency is the same in summer and in winter, and if we assume a tenfold greater absorp tion in summer, then we arrive at the conclusion that v in the F region must be 2*3 times as great at midday in summer as it is at midday in winter. The probable cause of this difference would be a difference of temperature, but to explain it we should have to postulate an increase in the absolute temperature by a factor -y/2-3 in passing from winter midday to summer midday. If this seems excessive, then it appears as though we cannot attribute to absorption the whole of the difference between summer and winter results.
6-M easurements on Longer W ave-lengths
Pulse measurements on wave-lengths up to 500 m in the middle of the night have shown that although the reflection coefficient for the ordinary wave is approximately unity for all wave-lengths, that for the extra ordinary wave decreases as the magneto-ionic critical wave-length is approached from the short wave-length side ( fig. 3 ). No echo with extraordinary polarization was observed for wave-lengths between 200 m and 400 m, but an " extraordinary " echo, with amplitude about 1 /3 of that of the " ordinary " was observed at 500 m.
The detailed measurements using the pulse transmitter have not been conducted at wave-lengths greater than 500 m. For longer wave-lengths we have information derived from other experiments in which the amplitude and polarization of the downcoming wave are observed at night by using a special aerial system. Experiments of this kind have been carried out by Ratcliffe and White* and by Witty.f From this type of experiment it is not possible to measure the reflection coefficient of the two magneto-ionic components separately, but if the polarization of the downcoming wave is found to be predominantly of one sense, then we are justified in supposing that the corresponding magneto-ionic component is the less absorbed. The experiments show that on wave lengths up to 500 m the sense of polarization is predominantly lefthanded, in agreement with the above-mentioned results obtained by the pulse method. With waves of 1550 m wave-length there is evidence that both components are present in roughly equal intensity.
The measurements on the broadcasting stations, and some unpublished measurements by Dr. J. L. Pawsey, show that in the middle of the day the reflection coefficient of wave-lengths between 250 and 500 m is less than 0-01. It is of interest to compare this value with that found at midday for shorter waves. For 150 m wave-length the observed mean reflection coefficient at midday is 0 1 (see §4) so that
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The reflection coefficients of the two magneto-ionic components of wireless waves, of length 50 m to 500 m, reflected at vertical incidence from the ionosphere, have been measured at different times of day. The results are interpreted in terms of Appleton's magneto-ionic theory, and are found to suggest the following description of the ionosphere as an absorbing medium.
In the day time considerable absorption occurs in a region in which the refractive index is nearly unity, and which is situated below the maximum of the E region (the D region of Appleton and Ratcliffe).
At night there is very little absorption except near the top of the wave trajectory, and the magnitude of this absorption is consistent with an electron collisional frequency of 1*5 x 103 per second in the F region. The ordinary wave is appreciably absorbed only when it is group-retarded. The absorption of the extraordinary wave reflected from the F region takes place in the E region and increases as the magneto-ionic wave length, 214 m, is approached. log Pl50 Using equation (7) we find l°g P400 lo g P150 <2-6 (a) > 1 *63 (b) Summary
